Variation in DNA content was densitometrically analyzed in three sections (E; A4f-g; E; A5d-g; F; B3h) of the chromosome EF of IV instar larvae of Chironomus riparius (syn: C. thummi) Meigen 1804 from a heavy metal polluted Piedmont station (Santena, near Turin). The three sections are known to be composed by AT rich repetitive DNA. Preparations of salivary gland polytenic chromosomes were Feulgen stained and densitometric analysis of digital images of the three sections was performed. DNA density values of each of the three sections fell into several Poisson distributed classes. To explain variation of repetitive DNA content in the three regions, two hypotheses have been considered: during embryonic development, prior to the polytenization process, either somatic mispairing could have occurred with subsequent unequal chromatid exchanges or saltatory replication with subsequent increase of DNA content after breakage of a chromatid. Results support the hypothesis of unequal chromatid exchange as the cause of repetitive DNA size variation.
INTRODUCTION
Chironomus riparius (syn: C. thummi) is one of the most widely distributed species of Chironomids in freshwater ecosystems. The chromosome set is 2n=8. In salivary glands of IV instar larvae the four polytenized chromosomes AB, CD, EF and G show a very clear banding pattern. Populations form Bochum (KEYL 1965a) , Novosibirsk (KIKNADZE et al. 1991) , Sofia (MICHAILOVA 1989) and an Italian station (Corio) (MICHAILOVA et al. 2000) show very few spontaneous aberrations and have been considered as almost chromosomally monomorphic. In contrast, individuals from two heavy metal pol-luted stations from an industrialised area near Turin (Moncalieri on the river Po and Santena on the river Banna) present different types of somatic and hereditary chromosome aberrations (MICHAILOVA et al. 1996 (MICHAILOVA et al. , 1998 (MICHAILOVA et al. , 2000 . Large variations in size of three sections of chromosome EF (sections A4f-g and A5d-g of arm E and B3h of arm F) were detected by cytogenetic analysis. In most of the cells these sections look larger than those described in the standard chromosome map by HÄGELE (1970) and KIKNADZE et al. (1991) . Size variation of these sections seems to be hereditary in some individuals: they appeared in homozygous or heterozygous condition in all cells of the same individual, whereas, in other individuals size variation of the three sections had a somatic appearance (i.e. it occurred in 1 or a few of the 32 nuclei of a salivary gland).
Repetitive DNA size variation in three sections of the chromosome EF in a population of Chironomus riparius Mg (Diptera, Chironomidae) from Piedmont (Italy)
The three sections are composed mainly by repetitive DNA (KIKNADZE et al. 1987; HANKELN 1990; BOVERO 1999) .
As part of a detailed cytogenetic analysis of the genome organization of the Santena population (MICHAILOVA et al. 1997 (MICHAILOVA et al. , 1998 (MICHAILOVA et al. , 2000 , in the present paper we analyze the pattern of DNA content variation in the three mentioned sections of chromosome EF. Two possible mechanisms are taken into account in order to explain the observed variation. Somatic size variation in repetitive DNA regions can be explained by misalignment and subsequent unequal exchange in somatically paired chromosomes during embryo development before chromosomal polytenization. Somatic crossover and sister chromatid exchange has been demonstrated to occur in mitotic cells of a variety of organisms (SMITH 1976) . When a somatic unequal exchange occurs in one of the three repetitive DNA regions in an embryonic cell of a salivary gland we expect to find a cell lineage with a DNA content different from that of the other cells of the gland. Unequal somatic chromatid exchange could result in a reduction or increase of the copy number of repeats in the cromosomal region involved. The second hypothesis is due to KEYL (1965a, b) and is based on a model of sharply discontinuous DNA replication. By cytophotometric measurements, different strains of C. riparius showed DNA content of section B3h of arm F falling into a geo-metric series of classes both in salivary gland nuclei and in spermatocytes. This last finding means that differences in DNA quantity are not a consequence of polyteny. KEYL (1965a, b) suggested that DNA increase resulted from spontaneous or induced breakage of a chromatid and the subsequent DNA replication caused a localized increase in DNA amount. Such a localized increase should occur by stepwise elongation of replication units by errors in replication. In each step a whole unit is added, finally resulting in a geometric increase of the DNA amount of the section.
MATERIAL AND METHODS
A sample of eleven IV instar larvae at the seventh phase was collected in June 1995 at the Santena station. Squash preparations of salivary gland and gonads chromosomes were Feulgen stained, following BENAZZI et al. (1981) . Smears of human lymphocytes, used as internal standards, were analyzed. Sections A4f-g and A5d-g of arm E and section B3h of arm F were mapped according to HÄGELE (1970) . Images of these sections were acquired from the light microscope (40 X objective, 555 nm filter in the light path) with a black and white JVC TKS200 video camera connected to a computer where the ZEISS VIDAS program had been installed. Image format was 512x512 pixels with a gray level varying from 0 to 255. Images were analyzed by means of the NIH Image Program. The background was eliminated and the area of each image was measured and integrated three times to minimize errors in inferring its boundaries. The standard error of the three measurements was <0.0001. Density values in arbitrary units (A.U.) of each integrated area were converted to picograms (pg) by comparing them with known density values of human lymphocytes nuclei.
Evaluation of DNA content in pg was accomplished by measurements of 50 diploid interphasic nuclei of air dried cellular suspensions from 8 different species (Fig. 1) . All the slides were processed in a single bath in order to minimize opportunities for systematic errors. A calibration curve was established using density measurements in A.U. obtained by means of the NIH Image Program (see legend of Fig. 1 ). Within the range of 0.18-23.4 pg, regression between A.U. values and pg values was linear (y=0.0002 x-2.4289; r 2 =0.987 ; d.f.=6; P=0.001).
Nuclei of salivary gland cells of IV instar larvae of C. riparius present at least two degrees of polyteny (corresponding to the 10th and 11th rounds of DNA replication according to KIKNADZE et al. 1975 ±1063.46). Density values of nuclei of salivary gland cells fell into two distinct classes corresponding to 1024 C ( -X=7176816.3±510695.7) and 2048 C ( -X=1345 1743.2±2023861.5), i.e. to the 10th and the 11th level of polytenization respectively. Being the most numerous, only chromosomes at the 10 th round of DNA replication were chosen for measurements.
Forty-six sections A4f-g of arm E, 47 sections A5dg of arm E and 52 sections B3h of arm F were mea-sured. As expected for similar rare and random events a test of goodness of fit of the DNA values to a Poisson distribution was performed (SOKAL and ROHLF 1981) . have never been reported so far. Inherited size variation in section B3h of arm F was only observed by KEYL (1965b) in a German population.
RESULTS AND DISCUSSION

Somatic variations of DNA content in sections
Frequencies of the observed DNA content values (in pg) of the sampled sections are given in Fig. 2 . The mean value of the DNA content in sections EA4f-g was 10.8 pg, in sections EA 5d-g of 18.2 pg and in sections FB3h of 9.6 pg. In the sample of sections EA4f-g the most amplified class had 7 times the DNA value of the lowest class ( Fig. 3 a-b) , in the sample of section EA5dg, 13 times and in the sample of FB3h sections 15 times the value of the lowest class.
Observed frequency distribution of DNA content values in the samples of EA5d-g, EA4f-g and FB3h sections were in accordance with Poisson distribution.
In the examined Santena larvae, the finding of some nuclei with sections with different size within one and the same gland supports the hypothesis that such somatic size variations could be due to unequal somatic chromatid exchanges. These events should have occurred in the embryo salivary gland cells prior to the starting of the polytenization process (HÄGELE 1980) . Somatic recombination events, like many so-matic aberrations (mainly inversions) described for this population, (MICHAILOVA et al. 2000) , could have been somehow stimulated by the presence in the sediments of polluting agents that interfere with DNA synthesis or damage DNA (STARK et al. 1984) . For instance in larvae treated with different Cr concentrations MICHAILOVA et al. (2001) found a significant increase of FB3h amplified sections. The three studied chromosomal regions are composed by repetitive DNA elements (BOVERO 1999; HANKELN 1990; KIKNADZE 1987) . Repetitive sequences and long AT-rich sequences are frequently involved in crossover sites (STARK et al. 1989) . Unequal somatic chromatid exchanges are reported to occasionally result from repair following DNA damage because DNA repair mechanisms are recombination prone (ENDOW and ATWOOD 1988) . Therefore, if a break occurred in one of the three AT-rich sections here considered, an unequal exchange could have occurred there as a consequence of the break repair.
Our results show that DNA quantities did not had a geometric increase. According to KEYL's (1965b) hypothesis, clear cut classes of DNA content should be expected, which however were not 158 SELLA, ROBOTTI, MICHAILOVA and RAMELLA Fig. 3 -Feulgen-stained EF chromosomes whose EA4f-g, EA5d-and FB3h sections belong to the highest (a) and the lowest DNA content classes (b). Centromeres are indicated by an arrow. Bars represent a 10 micron lenght.
observed . This finding suggests that a mechanism of saltatory duplication is inadequate to explain the observed variation in DNA amount of the three sections.
